conventionally believed as pertaining high lead exposure risk, such as smelting, lead battery, metal recycling and etc. There had been less interest to study lead effect in low level for lead workers, but if we gave an attention to new findings on lead toxicity at low level, it is important to study lead workers who are exposed to lead in relatively low level in addition to the conventional high lead exposure group.
In this study, we did cross-sectional analysis of blood lead level for entire Korean lead industries for the first time to estimate an extent of lead workers who were in risk of lead exposure at low and high level. And we investigated industries that have risks of lead exposure for the workers at low and high level.
Materials and Methods

Blood lead level data
In Korea, occupational exposure to lead is subject to the Industrial Safety and Health Act 16) which places all workers with exposure to lead under special medical surveillance. Under this act, all workers are required to have their blood lead concentration measured at least every year. In 2003, there were totally 14,137 lead workers who were fallen under this law. We officially acquired special health surveillance results for all 14,137 lead workers in anonymous form of Access file from Korea Occupational Safety and Health Administration (KOSHA). We converted them into Excel spreadsheet for further analysis. While we processed data cleaning, we excluded 1,094 workers who didn't have PbB level information or had PbB value in interval not in exact number. By result, we got 13,043 lead workers for our study and they were come from 226 sub-industries that include 1,217 lead companies.
Measurement of blood lead level
We analyzed the blood lead data that were reported to Korean Ministry of Labor (KMOL) by the local hospitals or institutes. They are all registered organizations for special health surveillance for Korean workers. One of KMOL requirements towards these institutes is that they have to take part in quality control program run by KOSHA. KOSHA runs analytical quality proficiency program towards the registered institutes for special health surveillance twice per year since 1983. The institutes have to pass trace metal element analysis that includes lead to maintain their license for special medical surveillance organization.
Special health surveillance organizations take blood samples from lead workers during health check. Venous bloods are collected in lead-free tubes containing ethylene diamine tetraacetic acid (EDTA). Each sample is sent to the laboratory stored at 4 icebox for lead concentration analysis. KOSHA provides biomarker analysis guideline for lead from 1998, which was referred to NIOSH manual of analytical method and WHO/HPR/OCH Biological monitoring of chemical exposure in the workplace. The Institute who performs special health surveillance follows this guideline for blood lead measurement. Lead concentration analysis can be done with flame or flameless atomic absorption spectrophotometry (AAS) upon this guideline. For flameless AAS method, bloods are pretreated with a 0.2% Triton X-100 and 0.2% ammonium dihydrogen phosphate. KOSHA QC program requires that special health surveillance organizations have to meet 2-5 % precision of relative standard deviation at 5-80 µg/dl level and 5% accuracy with flameless AAS method. For flame AAS method, bloods are firstly treated with 1.2 ml solution of Ammonium Pyrrolidine Dithiocarbamate and Triton X-100 and then treated with 2 ml of saturated Methyl Isobutyl Ketone with water. KOSHA QC program requires that special health surveillance organizations have to meet 5% precision of relative standard deviation at 20-80 µg/dl level and 10.8% accuracy with flame AAS method.
Industrial classification
We followed Korean standard industrial classification (KSIC) that refered to UN standard industry group basically 17) . KSIC classifies all industries into 20 Sections, 63 Divisions, 194 Groups, 442 Classes, and 1121 Subclasses.
Statistics
Statistical testing was carried out using Minitab ® . Two sample t-test was performed to see if there was a difference in age, employment duration and blood lead level between genders.
Results
Blood lead level distribution of Korean lead workers
The distribution of blood lead level of Korean lead workers was presented in Fig. 1 . It followed lognormal distribution better than normal distribution, even though it was slightly skewed towards lower level and didn't perfectly fit into normal probability plot (p<0.01). The geometric mean of blood lead level of workers from all lead industry was 6.08 µg/dl(0.002~123.22 µg/dl, median 5.71 µg/dl).
As shown in Table 1 , there were 8,961(68.7%) male workers out of 13,043 from 2003 special health surveillance results. Male workers had higher age and employment duration than female (p<0.0001). Geometric mean blood lead level of male workers was 7.33 µg/dl and that of female workers was 3.29 µg/dl, which male workers was in significantly high exposure than female (p<0.0001).
By considering health effects and regulatory criteria, we divided blood lead levels into 6 intervals as shown in Table 2 . There were 7,383(56.6%) lead workers who had the PbB higher than 5 µg/dl range. There were 1.0% of workers who showed PbB over than 40 µg/dl, and male workers occupied 95% of these group. There were 1.4% of woman workers who had blood lead level over than 25 µg/dl, which Control of Lead at Work Act(CLAW) of UK set as action limit for women of reproductive capacity 18) . There is no regulatory limitation in Korea for women workers specifically. There's increasing tendency of blood lead level as employment duration increased at the PbB range less than 40 µg/dl. 
Blood lead level distribution by Standard Industrial Classification (SIC)
As shown in Table 3 , we divided lead industries into manufacturing and non-manufacturing. There were 92.4% of lead workers who belonged to manufacturing industries. The manufacturing lead workers showed higher Table 4 shows the top 30 industry sub-classes which have the highest blood lead level. "Building of Synthetic Resin Ships", "Other Basic Non-ferrous Metal Industries", "All Other Service Activities n.e.c." and "Manufacture of Coal Chemicals" were ranked the highest by having mean blood lead level of 33.4 µg/dl, 32.3 µg/dl, 26.7 µg/dl and 25.0 µg/dl, respectively. "Recycling of Metal Waste and Scrap" and "Manufacture of Accumulators", which were conventionally regarded as high risk industry in lead exposure, were positioned in the rank of the 10th and the 11th. "Manufacture of Accumulators" included the biggest number of lead workers by having 1,832. Table 5 lists the top 10 industry sub-classes which have the most numbers of workers whose blood lead level is over than 25 µg/dl. "Manufacture of Accumulators" covered 42.1% of total high PbB worker over than 25 µg/dl. Chemical manufacturing and plastic industries such as "Manufacture of Other Parts and Accessories for Motor Vehicles", "Manufacture of Other Plastic Products n.e.c." and "Manufacture of Plastic Bars, Pipes, Tubes and Hoses" were placed in the top 10 industry sub-classes list. We calculated the severity ratio by dividing number of high blood lead workers by the number of total lead workers. Severity ratio indicates the proportion of high blood lead workers, who have higher blood lead level than 25 µg/dl, to the total lead workers in that industry. "Other Basic Non-ferrous Metal Industries" had the highest severity ratio by having 0.77. Table 6 presents the high-risk processes of major lead industry sub-classes. Soldering, smelting, cutting and assembling, etc were the high-risk processes in lead exposure. There were non-manufacturing processes such as forklift truck driving, maintenance, supporting and lab testing in high risk of lead exposure processes.
Blood lead level by processes of major lead industry subclasses
Within the same processes, we compared the mean blood lead levels between male and female who worked for the same company in order to evaluate if there's any statistical significance in blood lead level by gender. The results were shown in Table 7 . Generally, blood lead levels of male were higher than that of female, even though there was not always shown such a statistical significance for some industry sub-classes, companies and processes.
Discussion
Although lead workers have to take special health examination under the Industrial Safety and Health Act since 1972 19) , there has been no comprehensive analysis of blood lead level covering all lead industries in Korea in apart from the annual summary publication of special health surveillance result by KMOL. In this study, we investigated the blood lead level from 92% of lead workers who are subjected to the Industrial Safety and Health Act 16) . Geometric mean blood lead level was 6.08 µg/dl (GSD 2.53) for Korean lead workers in 2003. It was 1.6 times higher than that of general populations, which was 3.73 µg/dl(GSD 0.17) 20) in 2002. There were 56.6% of lead workers who had the PbB higher than 5 µg/dl range. Among this group, 7,246 (98.1%) workers had lower blood lead level than 40 µg/dl which was regulatory reference level in Korea, implicating that they were not protected by regulation even though they were exposed to the risk of lead toxicity in low level. There were 392 lead workers who were diagnosed as lead poisoning, which status were work-related disease or precautionary cases, from special medical surveillance done in 2003 in Korea. This is 0.7% of total work-related disease or precautionary cases, and 67% of metal and heavy metal related one 19) .
In Korea, 31.3% of Korean lead workers were female in 2003. In USA, only 6% were female lead workers when it was consulted from the CDC's State-Based Adult Blood Lead Epidemiology and Surveillance (ABLES) in 2002 21) . Among Korean women lead workers, the 33.8% women showed PbB over than 5 µg/dl. Children and woman are the most vulnerable to lead toxicity. Lead exposure can be resulted in "undesirable developmental outcomes" from lead levels as low as 5 µg/dl 22) in children and fetuses. In this reason, many developed countries have set special exposure guideline for women lead workers, but there are still many countries that haven't set the lead exposure guideline for women workers specifically, including Korea. If we consider the recent findings of lead toxicity at low level, it may needs to develop or to revise the blood lead level guideline, especially for pregnant woman. Due to the difference in detail task between men and women and/or difference in other behavioral factors such as smoking which can affect lead *Severity ratio indicates the proportion of high blood lead workers, who have higher blood lead level than 25µg/dl, to the total lead workers in that industry. intake, male usually showed relatively higher blood lead level compared to women as shown in Table 7 . But, there were some industries that have more women workers than male workers who were in the risk of low lead level intoxication. One of examples was "Manufacture of Other Electronic Valves, Tubes and Electronic Components n.e.c." sub-industry. From the Table 3 , "Recycling" was the highest risk industry division in lead exposure, by having PbB of 20.9 µg/dl.
It includes "Metal Waste and Scrap" (GM:17.4 µg/dl, 4.1~84.4 µg/dl) and "Non-Metal Waste and Scrap" (GM:24.2 µg/dl, 4.1~45.4 µg/dl ) as industry classes, which were believed as conventional high lead exposure industries. Another conventional high lead exposure industry would be "Manufacture of Accumulators". It showed geometric mean blood lead level of 17.4 µg/dl (1.4~82.0 µg/dl) in this study. Previous studies on PbB of Korean lead workers reported that PbB of 32.0~43.3 µg/dl from "Metal Waste and Scrap" 10) and from the secondary smelting 23) and 32.0~51.29 µg/dl from "Manufacture of Accumulators" 10, 12) in 1980s and in 1990s. It was regarded that there's 60~66% of PbB reduction compared to 1980s and 46% reduction compared to middle 1990s in conventional high lead exposure industries. This reduction in PbB might be achieved by thanks to the sustainable enforcement of Industrial Safety and Health Act, the enlargement of regulation coverage including small industries into special health surveillance program since 1981 19) , and the continuous improvement in workplace environment and in worker exposure control.
In addition to conventional high lead exposure industry sub-classes of "Manufacture of Accumulators" and "Other Basic Non-ferrous Metal Industries", as shown in Table 5 , there were "Manufacture of Other Parts and Accessories for Motor Vehicles", "Manufacture of Other Electronic Valves, Tubes and Electronic Components n.e.c." and plastic industries such as "Manufacture of Other Plastics" in the top 10 industry sub-classes list which have the most number of workers of PbB over 25 µg/dl. As according result with the report of severe lead poisoning cases in 1997 in US 24) , when we make the top 30 individual rank of high PbB from all 13,043 lead workers, there were 9(30%) lead workers who worked for plastic industries as shown in Table 8 . This is extremely high percentage considering lead workers from plastic industries were only 445. This indicates that lead workers in plastic industries have very high risk in severe lead poisoning. It seems important to make sure if lead workers in plastic industries were provided proper control program to reduce occupational lead exposure. From the Table 6 results, it needs to extend lead exposure management program to non-routine production work such as maintenance and supporting. It is easy for most industrial hygienist and safety engineers to focus their attention only to major production process to protect worker's health from lead exposure. But this study presents that non-production tasks such as fork lift truck driving, maintenance, lab testing, and supporting function should be included into lead control program.
Conclusion
1. PbB level from 13,043 Korean lead workers (92% of total) from 1,217 companies in 2003 were investigated. Geometric mean of PbB was 6.08 µg/dl (GSD 2.53) and 56.6% of total lead workers had PbB level over 5 µg/dl. There were 7.9% of total lead workers who had blood lead level over 25 µg/dl and 0.9% of lead workers who had blood lead level over 40 µg/dl. 
